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SYSTEM AND METHOD FOR VCSEL 
POLARIZATION CONTROL 

BACKGROUND OF THE INVENTION 

The present invention relates, in general, to vertical cavity 
surface emitting lasers (VCSELs) and, in particular, to a 
system for versatile control of VCSEL polariZation. 

The Vertical Cavity Surface Emitting Laser (VCSEL) is 
rapidly becoming a Workhorse technology for semiconduc 
tor optoelectronics. VCSELs can typically be used as light 
emission sources anyWhere other laser sources (e.g., edge 
emitting lasers) are used and provide a number of advan 
tages to system designers. Hence, VCSELs are emerging as 
the light source of choice for modern high speed, short 
Wavelength communication systems and other high volume 
applications such as optical encoders, re?ective/transmis 
sive sensors and optical read/Write applications. Inherently 
loW cost of manufacture, enhanced reliability, non-astig 
matic and circularly symmetric optical output are just some 
of the advantages of VCSELs over traditional laser sources. 

HoWever, VCSELs emit light that is polariZed along their 
crystallographic cleavage planes. Unconstrained polariZa 
tion sWitching is an inherent characteristic of the crystalline 
structure and groWth process of VCSELs. As typically 
constructed, VCSELs can readily sWitch polariZation states 
and frequently emit light simultaneously from multiple 
polariZation states. This phenomenon presents some prob 
lems and challenges for system designers using VCSELs in 
their applications. Controlling polariZation of the optical 
signal is important for many sensor applications. 

Inconsistent power output and switching noise are com 
mon examples of types of problems resulting from uncon 
trolled VCSEL polariZation. Consider, for example, an opto 
electronic system that utiliZes polariZation selective 
components concentrating on only one of a VCSEL’s tWo 
polariZations. If the VCSEL is emitting exclusively from 
that one polariZation, then the system receives 100% of the 
VCSEL poWer. If, hoWever, the VCSEL is emitting exclu 
sively from the other polariZation, then the system receives 
none of the VCSEL poWer. If the VCSEL is sWitching 
betWeen, or emitting simultaneously from, the tWo polar 
iZations, then the system Will receive intermittent, or partial, 
poWer respectively. Also consider, for example, a data 
communications system that performs high-speed sWitch 
ing. Oscillation betWeen the VCSEL polariZations results in 
sWitching noise that can impact system performance and 
reliability. In systems Where the poWer and noise effects of 
VCSEL polariZation combine, extensive noise and related 
system problems result. 

Previously, some applications incorporated no direct solu 
tion to polariZation problems; either suffering the conse 
quences or adding a signi?cant amount of additional cir 
cuitry and/or components to compensate for the effects. 
Some conventional methods have attempted to control 
VCSEL polariZation at the chip level. These efforts have 
typically focused on modifying the VCSEL groWth process 
and/or post-groWth chip level processing to provide some 
level of polariZation control. Some such approaches have 
introduced asymmetry to increase the degree of preference 
for one polariZation over another. While these efforts may 
have, in some cases, provided partial relief from polariZation 
problems, they often led to other problems of their oWn such, 
as increased noise and increased beam divergence. These 
approaches have further added to the production costs of the 
VCSEL components and often change the electrical char 
acteristics of the component; yielding different reliability 
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2 
and neW characteriZation data for each variation and result 
ing in VCSELs highly specialiZed for one particular appli 
cation, reducing economies of scale in high volume VCSEL 
production. 

BRIEF SUMMARY OF THE INVENTION 

The folloWing summary of the invention is provided to 
facilitate an understanding of some of the innovative fea 
tures unique to the present invention and is not intended to 
be a full description. A full appreciation of the various 
aspects of the invention can be gained by taking the entire 
speci?cation, claims, draWings, and abstract as a Whole. 

As demonstrated above, versatile methods and apparatus 
for controlling polariZation of VCSELs in a cost-effective 
and readily adaptable manner While minimiZing poWer vari 
ance and noise effects are needed; providing polariZation 
insensitive VCSEL sources While overcoming the aforemen 
tioned limitations of conventional methods. 

In the present invention, an independent polariZing 
medium is provided in proximity to an unmodi?ed VCSEL 
and positioned in relation to the VCSEL such that the 
medium provides equal selection and attenuation of the 
VCSEL polariZation states, maintaining approximately con 
stant poWer output and providing light emission in a linear, 
pre-determinable, polariZation direction. 

In one embodiment of the present invention, a polariZa 
tion controlled optical energy source comprises a laser 
source element having an inherent polariZation characteris 
tic; and a polariZation medium positioned in proximal rela 
tion to the laser source element and adapted to select and 
attenuate the polariZation characteristic equally. 

In another embodiment of the present invention, a vertical 
cavity surface emitting laser component includes a package 
base, having a ?rst self-aligning feature formed therein for 
indicating an alignment axis; a vertical cavity surface emit 
ting laser device, having tWo emission polariZations normal 
to one another, disposed upon the package base and aligned 
such that each emission polariZation is at about 45 degrees 
With respect to the alignment axis; a package cover, having 
a second self-aligning feature and an upper surface aperture 
formed therein, coupled to the package base such that the 
?rst and second self-aligning features matably engage; and 
a linear polariZation element, having a polariZation direc 
tion, spanning the aperture and disposed such that the 
polariZation direction is parallel to the alignment axis. 

In yet another embodiment of the present invention, a 
method for VCSEL polariZation control comprises the steps 
of providing a VCSEL element having an inherent polar 
iZation characteristic; providing a polariZation medium; and 
positioning the polariZation medium in proximal relation to 
the laser source element to select and attenuate the polar 
iZation characteristic equally. 
The novel features of the present invention Will become 

apparent to those of skill in the art upon examination of the 
folloWing detailed description of the invention or can be 
learned by practice of the present invention. It should be 
understood, hoWever, that the detailed description of the 
invention and the speci?c examples presented, While indi 
cating certain embodiments of the present invention, are 
provided for illustration purposes only because various 
changes and modi?cations Within the scope of the invention 
Will become apparent to those of skill in the art from the 
detailed description of the invention and claims that folloW. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying ?gures, in Which like reference 
numerals refer to identical or functionally-similar elements 
throughout the separate vieWs and Which are incorporated in 
and form part of the speci?cation, further illustrate the 
present invention and, together With the detailed description 
of the invention, serve to explain the principles of the 
present invention. 

FIG. 1 is a representative plot of VCSEL poWer in relation 
to current; 

FIG. 2(a) is an illustrative schematic of VCS EL compo 
nent; 

FIG. 2(b) is a representative diagram of VCSEL polar 
iZations; 

FIG. 3(a) is an illustrative embodiment of a VCSEL 
component according to the present invention; 

FIG. 3(b) is an illustrative diagram of a portion of the 
component of FIG. 3(a); 

FIG. 3(a) is an illustrative diagram of a portion of the 
component of FIG. 3(a); 

FIG. 4(a) is an illustrative diagram of one embodiment of 
a portion of the component of FIG. 3(a) in accordance With 
the present invention; 

FIG. 4(b) is an illustrative diagram of one embodiment of 
a portion of the component of FIG. 3(a) in accordance With 
the present invention; and 

FIG. 4(a) is an illustrative diagram of one embodiment of 
a portion of the component of FIG. 3(a) in accordance With 
the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

While the making and using of various embodiments of 
the present invention are discussed in detail beloW, it should 
be appreciated that the present invention provides many 
applicable inventive concepts Which can be embodied in a 
Wide variety of speci?c contexts. The speci?c embodiments 
discussed herein are merely illustrative of exemplary Ways 
to make and use the invention and do not delimit the scope 
of the invention. 

It should be understood that the principles and applica 
tions disclosed herein can be applied in a Wide range of 
optoelectronic applications. For purposes of explanation and 
illustration, the present invention is hereafter described in 
reference to VCSEL light sources. HoWever, the same 
system can be applied in other applications Where multiple 
polariZation light sources are utiliZed. 
VCSELs emit light that is polariZed along their crystal 

lographic cleavage planes. Since VCSEL laser emission is 
perpendicular to the quantum Wells of the VCSEL, there is 
no polariZation selection from the optical transition matrix. 
Characteristically, VCSELS can sWitch polariZation states, 
and, in fact, both polariZation states often exist. This is 
illustrated in FIG. 1. 

Referring noW to FIG. 1, plot 100 depicts the poWer 
emission as a function of current for a particular VCSEL. In 
plot 100, line 102 represents the total poWer emitted as a 
function of current from the VCSEL. VCSEL light output 
versus current Was measured With a polariZer oriented along 
the (011) plane, represented by line 104, the (011‘) plane, 
represented by line 106, and With the polariZer oriented at a 
plane parallel to the (001) or (010) crystal planes, repre 
sented by line 102. This particular VCSEL Was groWn on 
(100) oriented Wafers, thus the VCSEL light is alWays 
polariZed parallel to the cleavage planes, (011) and (011‘), 
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4 
Which are normal With respect to one another, and the total 
poWer from the VCSEL is constant, independent of the 
relative polariZation intensities. This is illustrated by the fact 
that line 102 equals the sum of lines 104 and 106. Line 102 
is scaled by a factor of tWo in order to shoW the total poWer 
emitted from the VCSEL. It should be noted from plot 100 
that the amount of light polariZed along either of the planes 
individually, as represented by lines 104 and 106, can 
change dramatically during operation; While the total poWer, 
as represented by line 102 (the sum of lines 104 and 106), 
is monotonically increasing. 

Comprehending this, the present invention recogniZes that 
a linear polariZer positioned to provide equal selection and 
attenuation of each polariZation present Will result in bal 
anced and constant VCSEL operation. In the example from 
FIG. 1, a polariZer placed at about 45 degrees relative to the 
normal crystal cleavage planes Will equally sample the 
poWer in either polariZation and lead to uncompromised 
operating characteristics. In particular, this VCSEL plus 
polariZer is noW a stable source of light polariZed in a knoWn 
direction. 

This is further illustrated in reference noW to FIG. 2. FIG. 
2(a) depicts a VCSEL component 200 having laser emission 
aperture 202. Aperture 202 is depicted as substantially 
circular-shaped, but as should be appreciated by those 
skilled in the art, it can be formed in a variety of shapes 
depending on desired behavior and performance. VCSEL 
200 is produced With a (100) orientation, and is typically 
saWed from a Wafer such that the cleavage planes are about 
2—5 degrees Within, and essentially parallel to, the crystal 
line planes (011) and (011‘). Thus, emission of VCSEL 200 
Will be polarized along the crystalline plane directions 204 
(parallel to the cleavage planes), (011) and (011‘), as 
depicted in FIG. 2(b). Proper orientation 206 of a linear 
polariZer Will equally select and attenuate each polariZation. 
For this example, orientation 206 should be at about 45 
degrees to both directions 204, Which is parallel to the (001) 
or (010) crystal planes. 
The present invention provides a cost-effective, versatile, 

and easily manufacturable system for providing equal selec 
tion and attenuation of a VCSEL’s emission polariZations. 
The system of the present invention provides orientation of 
the optical polariZer such that stable polariZation is achieved 
Without introduction of additional optical noise or other 
artifacts. The present invention provides for creation of a 
polariZation controlled light source from a standard, multi 
purpose VCSEL Without chip-level processing or VCSEL 
customiZation. 
The present invention is noW illustrated in reference to an 

exemplary embodiment as depicted in FIG. 3(a). An 
exploded vieW of an optical sensor component 300 accord 
ing to the present invention is shoWn. Component 300 
comprises a package base 302, a cover 304, a sensing 
element 306 (typically a photo-diode), and a VCSEL com 
ponent 308. The upper surface 310 of cover 304 is sloped 
With respect to the base 312 of cover 304, to provide return 
light and a naturally selective asymmetry for this particular 
application. Alternatively, upper surface 310 can be substan 
tially parallel to base 312. Cover 304 also has a WindoW 314 
formed therein to alloW for optical energy transmission 
through cover 304. As component 300 is assembled, sensing 
element 306 is disposed upon base 302, VCSEL element 308 
is disposed upon sensing element 306, and cover 304 is 
matably coupled to base 302, enclosing elements 306 and 
308. The con?guration and positioning of each of these 
elements provides for ease of alignment of a polariZation 
component according to the present invention. 



US 6,963,598 B1 
5 

Referring noW to FIG. 3(b), cover 304 further comprises 
an alignment indicator 316 that matably engages With an 
alignment indicator 318 formed in base 302, such that the 
secure coupling of cover 304 to base 302 is self-aligning and 
constricted to a distinct alignment. Indicators 316 and 318 
are shoWn as notch-type indicators although, alternatively, 
indicators 316 and 318 can comprise a number of manual or 
self-aligning con?gurations such as bumps, slot/tabs, simple 
visual markings, and others. Indicator 316 is provided to 
indicate an axis of alignment 320 for reference. In the 
particular embodiment shoWn, axis 320 coincides With the 
axis of slope of surface 310. As depicted, surface 310 slopes 
upWard from the side closest to indicator 316 to the side 
farthest from indicator 316. 

Component alignment is further detailed in reference noW 
to FIG. 3(c). Indicator 318 is formed Within base 302 to 
indicate an axis of alignment 322 for reference. It should be 
apparent that axes 320 and 322 are parallel and, in this 
embodiment, coincide. VCSEL 308 is disposed such that its 
edges 324, Which coincide With its crystalline plane direc 
tions, are both at about 45 degrees With respect to axis 322. 
Thus, a polariZation element aligned along (or parallel to) 
axis 322 Will provide equal selection and attenuation of the 
emission polariZations of VCSEL 308 in accordance With 
the present invention. 

Referring noW to FIG. 4, several alternatives for provid 
ing a polariZation member in accordance With the present 
invention are illustrated in reference to cross sectional vieW 
of cover 304. FIG. 4(a) depicts a polariZation element 400 
disposed Within WindoW 314 of cover 304. Element 400 
comprises a plate or sheet polariZer, made of glass, plastic, 
or other suitable medium. Element 400 is formed into the 
shape of, and disposed Within, WindoW 314 such that its 
polariZation direction aligns With axis 320. Element 400 can 
be secured or formed Within cover 304, by encapsulation, 
adhesive, or crimping, for example. As illustrated in FIG. 
4(b), a polariZation element 402 can alternatively be incor 
porated Within cover 304 disposed Within other optical 
elements 404 (eg lenses, ?lters). FIG. 4(c) depicts another 
alternative Wherein polariZation element 406 is disposed on 
top of surface 310 covering WindoW 314. Element 406 can 
be affixed to cover 304 by an adhesive, epoxy, or other 
suitable application medium. 

Typically, the polariZation medium Will be selected based 
on the Wavelength of the laser source used. Polarization 
elements can be formed by a number of methods, depending 
on particular design constraints and desired performance 
characteristics. Examples include die-cutting a desired 
polariZation material, using a polymer-based polariZer dis 
posed upon some other optical element, and using an etched 
diffraction element or a formed ?lm-type holographic ele 
ment. All such media can be used to form a linear polariZa 
tion element in accordance With the teachings of the present 
invention. 

Alternatively, a polariZation element can be internal, but 
unattached, to cover 304, disposed betWeen VCSEL 308 and 
WindoW 314. For example, a polariZation element can com 
prise a self-adhesive sheet that can be readily be disposed 
upon and removed from the upper surface of VCSEL 308, 
much like a decal. ApolariZation element can also comprise 
a pane-like structure positioned above the upper surface of 
VCSEL 308 and supportively af?xed to either sensing 
element 306 or base 302. In other embodiments, a polariZa 
tion element according to the present invention can be 
associated With VCSEL 308 entirely external to and inde 
pendent from component 300, merely placed in the optical 
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emission path thereof to ensure linear polariZation in accor 
dance With the teachings of the present invention. 
The embodiments and examples set forth herein are 

presented to best explain the present invention and its 
practical application and to thereby enable those skilled in 
the art to make and utiliZe the invention. Those skilled in the 
art, hoWever, Will recogniZe that the foregoing description 
and examples have been presented for the purpose of 
illustration and example only. The teachings and concepts of 
the present invention can be applied to other types of 
components, packages and structures, such as VCSEL com 
ponents produced With other than a (100) orientation. The 
invention is applicable independent of a particular package 
con?guration. Other variations and modi?cations of the 
present invention Will be apparent to those of skill in the art, 
and it is the intent of the appended claims that such varia 
tions and modi?cations be covered. The description as set 
forth is not intended to be exhaustive or to limit the scope of 
the invention. Many modi?cations and variations are pos 
sible in light of the above teaching Without departing from 
the spirit and scope of the folloWing claims. It is contem 
plated that the use of the present invention can involve 
components having different characteristics. It is intended 
that the scope of the present invention be de?ned by the 
claims appended hereto, giving full cogniZance to equiva 
lents in all respects. 

What is claimed is: 
1. A polariZation controlled optical energy source com 

prising: 
a laser source element that produces a light output that has 

at least tWo polariZation states; and 
a polariZation medium positioned in proximal relation to 

the laser source element for polariZing the light output 
in a third polariZation state that selects and attenuates 
each of the at least tWo polariZation states equally or 
substantially equally. 

2. The source of claim 1, Wherein said laser source 
element is disposed Within a component package having an 
emission aperture formed therein. 

3. The source of claim 2, Wherein said polariZation 
medium provides linear polariZation. 

4. The source of claim 3, Wherein said laser source 
element has multiple distinct polariZation states oriented 
With respect to one another at angular intervals. 

5. The source of claim 4, Wherein said polariZation 
medium is aligned to provide linear polariZation along an 
axis that equally selects and attenuates the distinct polariZa 
tion states. 

6. The source of claim 1, Wherein said laser source 
element is a vertical cavity surface emitting laser. 

7. The source of claim 6, Wherein said vertical cavity 
surface emitting laser is disposed Within a component pack 
age having an emission aperture formed therein. 

8. The source of claim 7, Wherein said polariZation 
medium provides linear polariZation. 

9. The source of claim 8, Wherein said laser source 
element has tWo distinct polariZation states that are normal 
to one another. 

10. The source of claim 9, Wherein said polariZation 
medium is aligned to provide linear polariZation along an 
axis that is at about 45 degrees to both distinct polariZation 
states. 

11. The source of claim 10, Wherein said polariZation 
medium is affixed to the component package spanning the 
emission aperture. 
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12. The source of claim 10, wherein said polarization 
medium is disposed Within the component package betWeen 
the vertical cavity surface emitting laser and the emission 
aperture. 

13. The source of claim 10, Wherein said polariZation 
medium is formed from a sheet polariZation material. 

14. The source of claim 10, Wherein said polariZation 
medium is formed by the application of polymer-based 
polariZation material. 

15. Amethod for VCSEL polariZation control comprising 
the steps of: 

providing a VCSEL element that produces a light output 
that has one and/or both of at least tWo polariZation 
states; 

providing a polariZation medium that polariZes the light 
output in a third polariZation state; and 

positioning the polariZation medium in proXimal relation 
to the VCSEL element so that the third polariZation 
state selects and attenuates each of the at least tWo 
polariZation states equally or substantially equally. 

16. The method of claim 15, Wherein the step of providing 
a polariZation medium further comprises providing a polar 
iZation medium that provides linear polariZation. 

17. The method of claim 16, Wherein the step of providing 
a VCSEL element further comprises providing a VCSEL 
element having tWo distinct polariZation states that are 
normal to one another. 

18. The method of claim 17, Wherein the polariZation 
medium is aligned to provide linear polariZation along an 
aXis that is at about 45 degrees to both distinct polariZation 
states. 

19. The method of claim 15 further comprising the steps 
of: 

providing a component package having an emission aper 
ture formed in a surface thereof; 

disposing the VCSEL element Within the component 
package; and 

affixing the polariZation medium to the component pack 
age spanning the emission aperture. 

20. A vertical cavity surface emitting laser component 
comprising: 

8 
a package base, having a ?rst self-aligning feature formed 

therein for indicating an alignment aXis, the alignment 
aXis not necessarily being in-line With the self-aligning 
feature; 

a vertical cavity surface emitting laser device, having at 
least tWo emission polariZation states normal to one 
another, disposed adjacent the package base and 
aligned such that each emission polariZation state is at 

10 about 45 degrees With respect to the alignment aXis; 
a package cover, having a second self-aligning feature and 

an upper surface aperture formed therein, coupled to 
the package base such that the ?rst and second self 
aligning features matably engage; and 

15 a linear polariZation element, having a polariZation direc 
tion, spanning the aperture and disposed such that the 
polariZation direction is parallel or substantially paral 
lel to the alignment aXis. 

21. A polariZation controlled optical energy source com 
prising: 

20 

a laser source element for producing a light output that has 
one and/or both of at least tWo polariZation states; and 

polariZation means for polariZing the light output in a 
third polariZation state that selects and attenuates each 
of the at least tWo polariZation states equally or sub 
stantially equally. 

22. A method for providing a relatively constant light 
intensity output from a light source that produces a light 
beam that has at least tWo polariZation states, the method 
comprising the steps of: 

30 

providing a polariZation medium that polariZes the light 
beam in a third polariZation state; and 

positioning the polariZation medium in line With the light 
beam of the light source so that the third polariZation 
state of the polariZation medium selects and attenuates 
each of the at least tWo polariZation states equally or 
substantially equally. 
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